CORRECTION OF SAGITTAL IMBALANCE
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Inrecent years, much progress has been
made in the assessment of sagittal imba-
lance, both before and after surgica] cor-
rection. Part of thig progress can be
attributed to the fact that the position of
the pelvis (veritable “pelvic vertebra”
according to Dubousset) and that of the
lower limbs are now taken into account
We shall describe the most precise tech-
nique of measuring sagitta] imbalance,
how to prevent jt during posterior spinal
Surgery and, lastly, the various types of
surgical correction, notably osteotomies
and their indicationg.

EVALUATION OF SAGITTAL
BALANCE

Sagittal balance is no longer evaluated
using only the angles of cervical lordo-
sis, thoracic kyphosis and lumbar lordo-
sis. Many years ago, Delmas distingui-
shed dynamic morphotypes, i.e. patients
with marked angles of kyphosis and lor-
dosis, from static morphotypes, ip

which these curves are flatter, During
[1] convincingly demonstrated that the
position of the pelvis in anteversion or
retroversion influences lumbar and the-
racic curves,

The more the pelvis is in anteversion,
the more horizontal is the sacrum, the
lower and more anterior tilts the superior
sacral endplate and the more accentua-
ted is lJumbar lordosis. On the contrary,
when the pelvis is in retroversion, the
Sacrum is more upright, the superior
sacral endplate is more horizontal and
lumbar lordosis is smaller. Using bary-
centrometry; Duval-Beaupére [2] descri-
bed angles that characterize the form of
the pelvis, its position and that of the
trunk. Pelvic incidence is a morphologi-
cal angle the value of which stops chan-
ging at the end of growth, Its average
value is 51°. If this angle is greater, the
subject’s spinal curves are more marked
(dynamic type). The pelvic tilt ig amr
angle characterizing the position of the.
Sacrum and its average valye is 12°if'the
incidence is 51°. The pelvictilt increases
in case of retroversion of the pelvis,
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which is a very classic mechanism for
the compensation of anterior imbalance,
because retroversion positions the femo-
ral heads (FHs) more anteriorly, closer to
vertical alignment with the external
auditory canals (EACs).

The sagittal list at T9 is the angle between
a plumb line and a line from this verte-
bra, the center of mass of the trunk in
barycentrometry, to the FHs, The average
sagittal list at T9 is 11° and can decrease,
or even have negative values in case of
severe anterior imbalance. Itoi [3] stres-
sed the importance of the position of the
knees, which will bend only in severe
cases of anterior imbalance: a femoroti-
bial angle will then appear and place the
trunk in a more posterior position,

The overall balance of the trunk can be
evaluated by determining the position of
a vertical line through the center of the
C7 vertebral body (C7 plumb line) with
respect to the anterior or posterior cor-
ner of the sacral endplate. To have a
more encompassing picture of the verte-
bral column including the cervical
column, one may draw a vertical line
from the EACs. According to Gangnet's
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measurements [4], this line passes
slightly posterior to the FHs or even
through them. The different mecha-
nisms of adaptation to anterior imba-
lance including retroversion of the pel-
vis and flexion of the knees are attempts
to align the EACs vertical to the FHs.
This means that an increase in lumbar
lordosis automatically leads to an
increase in thoracic kyphosis if the tho-
racic column is flexible. In severe ante-
rior imbalance (as observed in ankylo-
sing spondylitis, for example) the posi-
tion of the head can be analyzed in
terms of specific angles (angle between
the nose-chin line and a vertical line,
angle between the direction of vision
and a horizontal line, angle between a
vertical line and the occipitodorsal line).

The measurement of these angles
should be made under very precise
conditions: standing for lateral views
with the hands resting on the back of a
chair, an IV stand at the height of the
pubis or, to be more precise, at the
height of the clavicles (more reprodu-
cible position, even though it hides the
cervical region) (fig. 1). To obtain a
reproducible position of the cervical

Fig. 1 :

3 reproductible
positions on
lateral X-ray
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column, subjects can
Stare into  thej, own
pupils in 3 mirror placed
n front of them [5]. 1t is
important to obtain fiy]]
Spine views, including
the “crania] and pelvic
vertebrae” o localize
the EAC and the FHs
and o show the POsition
of knees: they should pe
Maintained ip €xtension
when the X-ray is made
(fig. 2 et 3). More
Sophisticated means can
e used, especially for
clinica) research: for . o
example, Stereoradjo- : T e

graphy, force platforms,

Fig. 2 : jdeas latera/ evaluation with full spine and full limps Views,
Fig. 3 : Sagittal imbalance increaseq by knee extension,

In ¢ ensated b lance, a5 ; ideal
WHEN THE WORK-UP bglaniﬁpt}?eaEACs an FHsah'enon the
IS COMPLETE ONE

same vertjca] line, byt this is achieved

DISTINGUISH 3 OVERALL thanks to bosterior tilting of the pelvis
d, In some cases, flexion of the knees,

TYPES OF SAGITTAL i '

BALANCE (fig. 4)

Finally, in anterior imbalance, jn spite of

the knees, 2 vertical line through the
EACs Jies anterior to the FHs,
Idea) balance includes, for a given valye

ofincidence, asagittal list at T9 and pel-
vic tilt with normal valyes,
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Fig. 4 : 3 types of

sagittal balance:

a) ideal balance

b) compensated
balance by pelvic
retroversion and
knee flexion

¢) anterior imbalance
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THE SURGICAL

MANAGEMENT OF :
ANTERIOR IMBALANCE
INCLUDES PREVENTIVE

AND CURATIVE MEASURES

Preventive treatment

The preventive measures consist ip avoi-
ding Postoperative flat hack thanks, firg
of all, 10 Proper installation of the
Patient. Insta]led 0n 4 pads or Relton-
Hall frame, 4 patient has Jegg Tumbar
lordosis than in 4 standing position.
Extensive arthrodesis in this position,
especially if it includes S1 of the pelvis,
reduces lordosis if there is no attempt to
breserve lordos;s by 0steosvnthesig
(with rods and, in some cases, cages).
This lordosis should be calculated preo-
peratively by taking into account the
value of the pelvic incidence, QOpe
should also keep in ming the detrimen.

Fig. 5 : Postoperatiye flat back Gtreated by PSO ang cages.

VUBALANCY,
\A\\,A\,

tal effect of posterior surgjcy] exposure
On extensor muscles.

C urative Ireatment

The surgjca] curative treatmeny i based
H1pon osteotomies with numerous djffe.
ent techniques:

e Smith-Pe[ersen's osteotomy (SPQ) was
mitially intended fora single leve] i
Posterior closure ang consequently
anterior opening of the discs. This
technique presens vascular risks and
has been abandoned.

* Multiple posterioy osteotomies (MPpQ)
are based upon the same Jarge wedge
resection from ope foramen o the
other next, byt the posterior closure ig
more harmonjoys. Mobility of the
anterior column is necessary. We advo.-
cate use of interbody cages, which
improve stability. On the average, each
posterior 0steotomy increases lumbar
lordosis by 81010 degrees (fig. 5).
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* Pedicle subtraction osteotomy (PSO)
Is currently the most widely used tech-
nique. It consists in removing the pos-
terior arch of the chosen vertebra,
both pedicles then a wedge of the ver-
tebral body the posterior base of
which is limited by the disc rostrally
and the nerve root caudally. If the
osteotomy extends to the anterior
wall, the maximum angle on a relati-
vely high vertebra is around 40° ; it can
attain 45° if the osteotomy stops
slightly behind the anterior wall and if
there is a small anterior Opening in the
vertebral body (fig. 6). Preoperative
calculation applied using tracings of
Xrays or specific software packages is
important (fig. 7), because it can simu-

-late different types of correction
(variable angles and leve] of osteoto-
my). Van Royen [6] showed that the
lower the level of osteotomy of a given
angle, the more one corrects anterior
imbalance. From a technica] stand-
point, one should insert the implants
closest to the osteotomy before perfor-
ming the osteotomy with an osteoto-
me (angle verification by image inten-
sifier) or with a curette in patients
with osteoporosis. Closure is obtained
by osteosynthesis with compression

Fig. 6 : Osteotomy angle
a) 40° if osteotomy stop to the anterior wall

b) 45° jf osteofomy stop behind the anterior wall

¢) control on image intensifier
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on both sides of the osteotomy and/or
by changing the angle of the operating
table. The risk of epidural bleeding
must be kept in mind and interbody
cages should be used adjacent to the
osteotomy to reduce the risk of pseu-
darthrosis (fig. 8 et 9).

The technique of vertebral resection
(eggshell osteotomy) was included in a
review by Bridwell [7] of various tech-
niques of osteotomy. Tt consists in hol-
lowing out one or more vertebral
bodies through an anterior approach
at the apex of a stiff scoliosis deformi-
ty, then in resecting the corresponding
neural arches and in correcting with a
posterior osteosynthesis. This rarely
used technique is intended primarily
for rigid deformities in both the sagit-
tal and coronal planes.

The pelvic osteotomy described by
Gérard [8] and more recently by
Roussouly [9] is an anterior opening
wedge osteotomy similar to Salter’s
technique that decreases pelvic inci-
dence, verticalizes the sacrum and

consequently displaces the trunk ante.
riorly (fig. 10). This opening can attain
30° and is applicable, in our experien-
ce, only to very severe imbalance with
1o possibility of spina] procedures,
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- ’ Fig. 7 : Preoperative calculation with Specific
. ‘ software
[y / Vertical after a) initial position

L3 % // osteotomy Vertical after osteotomy

b) pelvic version correction
Theoric sagittal list

¢) T9 sagittal list correction
Theoric sagittal list to 11°

; Theoric sagittal
TN list to 11°

2

Fig. 8 : Postop

erative flat black treated by
40° L3 PSO

Fig. 9 : Postoperative fiat black treated by 60°

fusionned L2-L3 PSO
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Fig. 10 : Pelvic osteotomy

a) Preop X-ray ; b) postop X-ray
¢) preop

clinical view ; d) Postop clinical view
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* Finally, quie recently, sacra] subtrac-
tion osteotomy (body of §2 and sacra]
ala has been Proposed to correct sagit-
tal imbalance due (o callys deformit,
of the sacrum [10]).

The indications of osteotomies

The indications depend on the topogra-
phy, the flexib]e (or stiff) nature of the
deformity, and whether it g accompa-
nied by scolipsis.

Transpedicylay osteotomy is indicated
primarily in purely sagitta] deformities
involving a stiff column,

Multiple Posterior osteotomjes are very
effective if the anterior column jg
flexible and thev are in most cases rein-
forced with interbody cages.

Vertebra] eggshell resection can be pro-
posed in severe and stiff scoliosis,

Pelvic Osteotomy s only exceptionally
Indicated a5 4 last resort surgical treat-
ment and the same js true, but even
moreso, for sacra] osteotomy,

—_—

THE RESUITS OF
OSTEOTOMIES

Radiologically

Radiologicaﬂ_\; One may obtain ides]
sagittal balance, byt often the osteotomy
(or osteotomies) leads to Compensated
balance, notably with Tretroversion of the
pelvis. In certain disorders, such ag
ankylosing spondylitis, the patient sti]]
has anterior Imbalance, byt with much
Improvement Including a horizonta] line
of vision, in particular.

Functionqg] Status

The functiona] status is obviously
Improved with less spina] pain, which
often involves z posterior traction phe-
nomenon. Gait has beep extensively siy-
died by numerous authors including Lee
[11], who reported poorest results in
patients who faj] 1 Mmaintain retrover-
sion of the pelvis and who try to com-
bensate severe anterigy imbalance by
flexion of the knees and paradoxica]
anteversion of the pelvis. This produces
much discomfort with insufficient lor-
dosis in the two posterior rods.
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